Abstract: Enamel matrix derivative (EMD) is used for periodontal tissue regeneration therapy. We 
the biological function of SP. However, it is unknown whether SP affects odontoblastic 23 differentiation. In the present study, we investigated the effects of SP in odontoblast-like cells, KN- 
24
3 cells. KN-3 cells were treated with SP (0, 1, 10, 100, or 1000 ng/mL) and then cultured for 3, 8, 24,
25
or 48 hours, in order to determine the effects of SP on cell proliferation and detect its optimum 26 concentration. To investigate the effect of SP on odontogenic differentiation, KN-3 cells were treated 27 with SP in odontogenic differentiation medium cultured for 3 or 7 days. Odontogenic differentiation 28 was performed by measuring alkaline phosphatase (ALP) activity, the mRNA expression of dentin 29 sialophosphoprotein (DSPP), the formation of calcified nodules, and calcium deposition into the 30 extracellular matrix. The addition of SP significantly promoted KN-3 cell proliferation; a 31 concentration of 100 ng/ml generated the greatest change in cell proliferation. SP also showed 32 increased expression of markers of odontogenic differentiation and mineralization. These results
Introduction

37
Enamel matrix derivative (EMD) can induce the formation of hard tissue, such as alveolar bone 38 and cementum tissue [1, 2] . EMD is widely used in periodontal tissue regeneration and bone 39 regeneration. We previously showed that subcutaneous injections of EMD on the backs of rats can 40 induce cartilage-like tissue formation and eosinophilic round bodies (ERBs) [3] . We further analyzed 41 these ERBs by using MALDI-TOF, and found fragments of exon 5 of amelogenin.
help to clarify the biological functions of amelogenin exon 5.
48
EMD has been reported to induce the production of anti-EMD antibodies in the host [ 
52
Dental caries, tooth fractures, and other types of dental trauma induce tooth loss. Direct pulp 53 treatment requires materials that protect the pulp tissue but induce hard tissue formation, in order to 54 repair and maintain dental pulp tissues [14] [15] [16] [17] [18] [19] . This requirement has led to the design and 55 introduction of new, bioactive agents for dental pulp tissue engineering materials.
56
To investigate the mechanisms of dental pulp regeneration, a rat clonal odontoblast-like cell line, 
62
The establishment of KN-3 cells has clarified the responses of odontoblasts in vitro and provided 63 a means to explore the mechanisms of wound healing and regeneration of the dentin-pulp complex,
64
in combination with in vivo studies.
65
However, the effects of SP on odontoblastic activity have not yet been investigated. In the 66 present study, we evaluated the odontogenic effects of SP in KN-3 cells.
68
Materials and Methods
69
Cell culture
70
The rat clonal odontoblast-like cell line, KN-3, was kindly provided by Prof. Chiaki Kitamura
71
(Kyushu Dental College, Kitakyushu, Japan) and Prof. Tatsuji Nishimura (Kyushu Dental College).
72
KN-3 cells were maintained as described previously. 20 KN-3 cells were incubated in normal culture 73 medium comprising α-MEM supplemented with 10% fetal bovine serum (Gibco BRL, Life
74
Technologies; Grand Island, NY, USA), 500 U/mL penicillin, 500 µg/mL streptomycin, and 25 µg/mL 75 amphotericin B (Nacalai Tesque; Kyoto, Japan). For differentiation assays, KN-3 cells were cultured 76 in medium containing 50 µM L-ascorbic acid 2-phosphate (Nacalai) and 10 mM β-glycerophosphate
77
(Wako Pure Chemical Industries Ltd.; Tokyo, Japan). 
79
Cell proliferation assay
131
Statistical Analysis
132
One-way analysis of variance (ANOVA) followed by Bonferroni post hoc test was used to 133 determine significance. P values < 0.05 were considered significant.
135
Results
136
Cell proliferation
137
We first tested varying concentrations of the SP on KN-3 cells to determine an effective 138 concentration. We found that SP (100 ng/mL) significantly promoted KN-3 proliferation at 8, 24, 48,
139
and 72 hours (Fig. 1A , P < 0.05). From these results, we chose 100 ng/mL SP as the optimal 140 concentration for subsequent experiments. 
160
100 ng/ml SP, for 3 or 7 days (*P > 0.05); changes in ALP activity were investigated.
162
Extracellular matrix mineralization
163
Calcified nodules stained with Alizarin Red were larger in the SP-treated group than in the
164
Control group (Fig. 3B) . Calcium deposition in the SP-treated group significantly increased after 7 165 days, compared with the Control group ( Fig. 3C; 
182
The samples were then incubated with a fluorescence-labeled secondary antibody. The samples were 
193
In the present study, we showed that SP promotes KN-3 proliferation at 100 ng/mL, similar to 194 the optimal concentration for PDL stem cells [10] . Therefore, we further investigated the effects of 100
195 ng/mL SP on odontogenic differentiation and mineralization.
196
ALP is considered a marker of odontogenesis phenotype [26] . In the present study, we found
197
that SP promoted ALP activity, which is similar to the effect of EMD in hard tissues and the effect of
198
SP in KN-3 cells. Therefore, SP can also induce odontogenic differentiation in KN-3 cells.
199
We quantified calcium levels in cultures of KN-3 cells by using alizarin red staining and cultures. Our previous study showed that SP can also promote mineralization of PDL stem cells [16] .
206
Our results suggest that SP can be used to promote the formation of mineralized nodules in KN-3 207 cells as the dentin formation for earlier protection of dental pulp tissue.
208
We also investigated whether SP has effects on the expression of odontoblast specific molecules 209 in KN-3 cells and found that it impacted the levels of DSPP, which is a noncollagenous dentin matrix 
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